Middle meningeal artery (MMA) pseudoaneurysms are very rare and are most often traumatic. They may present as an epidural or intraparenchymal hematoma. This study reports a rare case in which a patient suffered from intractable epistaxis because of a pseudoaneurysm in middle meningeal artery and skull base fracture after craniocerebra trauma. Pseudoaneurysm and the feeding artery were embolized by using Onyx-18 liquid embolic system. Complete cessation of bleeding was achieved in this case immediately after the endovascular therapies. In this study, clinical manifestation, diagnostic imaging and endovascular treatment are described. Formation mechanisms and the treatment of traumatic pseudoaneurysm of middle meningeal artery are discussed.
Introduction
Pseudoaneurysms can arise from the branches of the ECA as well as from the ICA system. However, middle meningeal artery (MMA) pseudoaneurysms are very rare and are most often traumatic. They may present as an epidural or intraparenchymal hematoma [1] . So, it is important to diagnose and treat these aneurysms at the ear-liest to prevent catastrophic events. Recent studies found that traumatic pseudoaneurysms causes intractable epistaxis. Zhang et al. reported that the majority of traumatic pseudoaneurysms of the ICA responsible for massive epistaxes are based on the cavernous segment and the pseudoaneurysms originated from the internal maxillary artery are responsible for some epistaxes [2] . In addition, Li et al. reported a case of traumatic pseudoaneurysm of the basilar artery presenting with fatal epistaxis [3] . But pseudoaneurysm of MMA causing epistaxis has not been reported. This is the first report of a traumatic pseudoaneurysm of the MMA presenting with epistaxis.
Case Report
A previously healthy 63-year-old man was transferred from a county hospital for severe craniocerebral injury following drifting-down injury. Upon initial examination he was agitated and unable to follow commands, and required to be intubated and sedated. A head computed tomography (CT) scan 1 hour after the accident revealed intracranial pneumatosis (Figure 1(A) ), fracture of skull base, right temporal bone fracture, bilateral sphenoid bone fractures, fractures of right zygomatic arch, (Figure 1(B) and Figure 1(C), arrow) . The head CT 24 hours after the accident showed right side temporal epidural hematoma and subarachnoid haemorrhage (Figure 1(D) ). A little discontinuous nasal bleeding was found after the accident and 2 times of fatal epistaxis happened on 8 days and 10 days after the accident, the amount of bleeding were 800 ml and 1000 ml, respectively. And those could be brought to a temporary halt by nasal packing. The patient was transferred to the hospital for cerebral angiogram and further treatment 12 days after the accident. Angiography was performed and demonstrated a traumatic pseudoaneurysm projecting from the right side of middle meningeal artery (Figure 2 (A) and ( Figure  2 
(B)).
A decision was made to embolise the lesion. Echolen-10 microcatheter was used to select the right MMA through a 5F guide catheter. Microcatheter angiograms were obtained to confirm placement and rule out potentially dangerous anastomoses (Figure 2(C) ). Pseudoaneurysm and the feeding artery was embolized by using Onyx-18 liquid embolic system. The repeat angiography suggested complete embolism of the pseudoaneurysm (Figure 2(D) ). The patient tolerated the procedure well and was subsequently extubated. The patient could be discharged 5 days after endovascular treatment without any neurological deficits. At 6-month follow-up, magnetic resonance angiography with contrast showed no evidence of pseudoaneurysm recurrence.
Discussion
Pseudoaneurysms are less than 1% of all intracranial aneurysms and mostly associated with a history of trauma [4] . Pseudoaneurysms of the middle meningeal artery (MMA) are rare. About 70% -90% of cases of traumatic MMA pseudoaneurysms are associated with a fracture crossing the MMA in the temporal region [5] . Rupture of traumatic pseudoaneurysms of MMA would cause acute epidural hematoma. Previous studies reported that the prognosis of the rupture of the traumatic pseudoaneurysms was poor, and the mortality rate was 20% or higher [6] [7] . It is thought that traumatic pseudoaneurysms develop after a small tear in the meningeal artery, which is sealed of by a clot, then recanalize, and form a false lumen. These pseudoaneurysms gradually enlarge and can rupture at any time [7] [8] . Therefore, considering the risk of a secondary rupture, a relatively safe, plausible, and reliable treatment of traumatic pseudoaneurysms must always be carried out without any delay.
The pathology of intractable epistaxis following trauma may involve direct trauma and disruption of vessel or formation of a pseudoaneurysm. The MMA, the dura and the mucosa are likely to be injured as a result of temporal bone and sphenoidal fracture. As a result, epistaxis following a temporal bone fracture may have its haemorrhage source from MMA. Due to arterial damage and consequent pseudoaneurysm formation, patients with epistaxes usually present after a latent period ranging from several days to many years during which there is possible weakening of the arterial wall and/or adjacent bone erosion, with most cases usually presenting at about the third week (88%) [9] [10] . In this case, patients with epistaxes happened on 8 days and 10 days after the accident, we have a sufficiently high suspicion index for traumatic pseudoaneurysm,then we demonstrated a traumatic pseudoaneurysm projecting from the right sided of middle meningeal artery through angiography. Therefore, as long as the suspicion index for traumatic pseudoaneurysms presenting as intractable epistaxes is suffi-ciently high, angiography becomes mandatory [2] .
When the traumatic pseudoaneurysm is located in the ECA branches, several treatment options have been reported for these lesions including surgical excision, endovascular treatment with detachable coils or N-butylcyanoacrylate [1] . Selective embolisation to treat traumatic pseudoaneurysms is less invasive and faster than surgical excision. Its advantage is that it is able to demonstrate the feeding vessels and localise the exact anatomic sites of bleeding, offers more distal access to bleeding points, requires a short time for the procedure and allows preservation of other branches of external carotid artery [11] . Therefore, parent artery occlusion may be considered as an effective and a simple procedure for the treatment of pseudoaneurysms [12] . In our case, we obtained to confirm that the pseudoaneurysms were located in middle meningeal artery and rule out potentially dangerous anastomoses through microcatheter angiograms. Therefore, pseudoaneurysm and the parent artery was embolized by using Onyx-18 LES.
Conclusion
Traumatic pseudoaneurysm should always be suspected in patients with skull base fractures and intractable epistaxes. An endovascular embolization followed by catheter angiography may represent a safe treatment of traumatic middle meningeal artery pseudoaneurysms.
